'BOS'- 



Oxwelded Roof 
Trusses 



By H. H. MOSS 




The Linde Air Products Company 






(^ 



Ox 



*Ur, , 



'27 



Oxwelded Roof Trusses 



A Study of Insert Plate Joints 



in 



FINK TYPE ROOF TRUSSES 



By 
H. H. MOSS 

Development Section, Engineering Department 
The Linde Air Products Company 



THELINDE AIR PRODI CTS COMPANY 

Unit of Union Carhidi an, rporatton 

30 Ka^t Forty-Second Street 
\i u i "rk City 



Contents 

The arrangement of the data in this publication 
follows chronological order as much as is possible. It 
is grouped as follows under the headings of: 



I'M, I 
\ 

4 



Introduction ....... 

Preliminary Studies ...... 

Design Assumptions for Stress Transfer by the Insert 

Plate Method 6 

Application of Insert Plate to Practical Truss Structures 9 
Fabrication of Welded Trusses . . . . .33 

Testing Structure and Methods ..... 39 
( reneral Summary of Results ..... 47 

To the several parts of the appendix are reserved the 
function of making comparisons between the welded 
and the riveted construction and between the various 
factors of the welded construction as these were 
developed from truss to truss. The arrangement of 
the appendix follows the outline given below: 



Appendix A — Investigation of Stress Distribution 
Appendix B — Comparison of Factors of Safety and of 

Deflections .... 

Appendix C — Deflection Graphs .... 
Appendix D — -Time Data for Fabrication of Trusses 

Appendix E — Cost Studies 

Appendix F — Physical Properties of Truss Material 



page 
51 

59 
60 

61 
63 
69 



Copyright, 1927 
THE LINDE AIR PRODUCTS COMPANY 

New York, N. Y. 



[2] 






Introduction 

THIS publication consists of a report oi the design, development, fab- 
rication and testing of a series ot oxy-acetylene welded roof trusses of 
the Fink type. This work begins a program by The Linde Air Products 
Company looking towards the practical utilization of the oxy-acetylene 
process in the fabrication of structural steel. 

It now makes available to consulting engineers engaged in structural and 
welding work, and to engineers, superintendents and other officials of steel 
fabricating plants, information on the design, fabrication procedure, and 
ultimate strength of a series of 40-foot roof trusses. At the beginning none 
of these factors were fixed. Each subsequent truss designed and tested (there 
were five) had to its advantage the information gained on the preceding 
ones, so that the final results and procedure can be said to be well founded. 
Probably the most important development of the work was the method 
of joining structural steel which causes gusset plates to be inserted and made 
a part ot the truss members b\ butt welding. It enables a stronger truss to 
be made with less steel and less labor. As the development of this type of 
connection indicates, the whole work was approached from the standpoint 
that a new method of joining, such as welding, would require a new type 
of joint, rather than an adaptation of the conventional ri\ tion 

The Linde Air Products Company is glad to be able to pioneer in this line 
of investigation. While it has man) men in its organization who know far 
more about the characteristics of the welded joint in steel than they know about 
structural engineering, it was nevertheless necessary tor the leading interest 
in the oxy-acetylene industry to blaze the way in this new application. Lest 
it be thought presumptuous on their part to enter this new held, it may he 
^aid that the same men in this organization, without being pipe-line engi- 
neers, have in less than ten years promoted the welded pipe joint to a place 
where it is standard for long trunk lines carrying petroleum; without being 
refrigerating engineers, they have introduced oxwelded construction into all 
domestic refrigerators; without being coach builders or cabinet-makers, 
have convinced the builders of highest made auto bodies and metal furni- 
ture that the oxwelded joint fits their requirements besl 

Progressive structural engineers, designers A \\d erectors can not and will 
not shut their eyes to the possibilities which their brother engineers have 
found in the oxy-acetylene weld as a method ot joining steel. To such men 
we issue a cordial invitation to allow us to plate at their disposal the facts 
we have accumulated on this new joint. With this information they will 
be in a position to utilize this process in a way which best conforms to the 
requirements of their individual problems. 
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Preliminary Studies 
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f the time of starting this work, there was ver\ little design data avail- 



able on the welding of steel roof trusses. Such that was at hand per- 
tained almost entirely to untested Held applications. The subject matter of 
this report was therefore developed on an empirical basis of which the tol- 
lowing preliminary studies of welded joint- constituted the first step. 

The oxy-acetylene weld aeer prefers the simple butt weld and 

utilizes this mean- of joining his metal whenever possible. 1 wo oi the most 
dependable factors in butt weld- 
ing consist of its ease of analysis 
from a standpoint of strength and 
haracteristics from an inspec- 
tion standpoint in lending itself 
sndidly to visual and manual 
inspection. With the commercial 
:nt of high test or high quality 
welding rods, it has been 
lemonstrated that 
butt welds in structural steel. 
with but slight reinforcement, 
will gth exceeding 

that of the so-called "base metal/' 
Butt welding print!, 

:th the pniu in t 

•■ s means had to be devised 
laintain a _ [Mane of met rtical legs o( 

the members ^ onnec ted w ith 
the gusset plates. The joint 
shown in Fig. 1 utilizes this 
principle in joining two 
structural angles bj means 
gusset plate inserts, the 
both angle- having 

(teen remoi ed h\ the aid ot 
Lifting blot* pipe. An 

>r designing the 

5 _o\en below. 

\ number of full 
spec imens, similar to Fig. 1. 
re made up in J he I nion 







The insert plait- a\ applied to the specimen 

jf.intv in the nriiJinal pilot te»tv 




Carbide and Carbon Research Laboratories and subjected to a tensile test 
in a 100,000-lb. capacity Olsen tensile machine. The specimens were 
welded with Oxweld High Test steel welding rod, which has a normal 
tensile strength of 58,000 lb. per square inch, in the weld, and a yield point 
of approximately 42,000 lb. per square inch. 

Failure occurred in the base metal below the lower tension weld and 
weld zone as shown typically in Fig. 2. The average tensile strength per 
square inch for three specimens was 55,600 lb. A typical specimen gauged 
for elongation recorded 12 per cent in 2 inches over the tension weld in the 
angle iron. 

These tests indicated that the full strength of an angle could be trans- 
ferred to other parts by the insert plate method of joining, and, further, 
that symmetry of the section would undoubtedly permit closer adherence 
to theoretical plate requirements. 
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Design Assumptions for Stress Transfer 
by Insert Plate Method 

HAVING as a background the results of these laboratory tests, the next 
step consisted in applying this principle ni joining to a practical truss 
structure. This not only necessitated a study oi means ami ways of fashion- 
ing the insert plate to various types of joints, but also a working design pro- 
cedure for the proportionment of the insert plate to properly transfer the 
functioning .it a particular joint. 
The insert plate method of joining structural shapes provides a means oi 

disposing the rep- 
resented strength 
of structural 
shapes into single 
common planes. 
It 5 J mmetrica 1 
shapes or members 
are selected, such 
as tees, angles back 

to hack, or I -sec- 
tions, the webbing 
< i r g asset plates 
will lie in a plane 
< oin c iding with 
webs or vertical 
legs oi the mem 
ined, an the thickness oi these webs or gusset plates 

I, their dimensions are held within 

' cal limits Bj the welded joint on the center of gravity 

mm< trical w ith the plane oi stress action, 

n from member- to gUSSet plates is obtained, or 

tpplied to a joint in a Fink truss 
I - Members I ai - g / represent the lower chord, mem 

I member,/ g is .1 diagonal web tension niembii 

1 joint design is -wen onl) as ,1 working ex- 
thcorj until further stud) and experimental 

it ted The tendon, fi stress ot member // 

il) b) the shear weld along the center 
I - to he transferred b\ th 
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base line d-d is required, as the stress that this member as a column imparts 
to the plate is small compared to its strength immediately at the joint. By 
taking the indicated diagram stress of 5400 lb. and 15,000 lb. per square 
inch for unit working compression strength of the plate at this section, the 
base length will be less than one inch. The design provides in excess of this 
length, thereby reducing the unit stress in the plate. 

Attachment to the lower chord is obtained by inserting the plate into 
the vertical leg of the lower chord member to the center of gravity line g-g, 
as shown. The plate being thicker than the vertical leg, the lower chord is 
made stronger at this point. The component stresses in members d-g and 
c-d acting horizontally and to the right of the point x are thus amply provided 
for. However, the lower chord joint design can be checked by the methods 
used for the joint in the tension member d-g. 
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Application of Insert Plate to a 
Practical Truss Structure 

UPON the foregoing hypothesis oi joint design, the trusses for the test 
program were worked out In all, five welded trusses were designed, 
fabricated, and tested to failure. For purposes oi strength comparison, an 
order was placed with a leading steel fabricator for a riveted truss con 
forming to the same specifications as used for the welded trusses I he 
trusses are designated ;b Cases !, 2, 3, 4. 5 and 6 Case 2 is th< 
truss, and Cases I, 5, 4, 5 and 6 were developed in the ordei named Con 
servative working factors were used for all except where the yield 

point of the base metal was the basis for the unit strength design factors. 
Compound Fink type trusses were selected, having the following chai 
at teristic s : 

Span, 4n feet 

Pitch, one-quarter. N uht. 

Total load pel square foot oi horizontal 4° H>- 

Giving a vertical, panel oi working load oi 1000 IK. 

Design oi truss to meet the requirement the New 

Code. 

The first truss design (Case I ), utilizing tin- insert plate, I con- 

sideration man} factors that were later found to have little or no in ; 
tance in regard to the strength oi a welded truss I 

lower the unit working strength oi the several metals in\<dwd I his initial 
work served as an example of precedent foi the subsequent des 

In the following few pages the more important design calculations will 
be considered The set oi six drawing plates proi m pari son between 

the welded trusses and the riveted truss as well as showing tht | 
development oi the invert joint The design oi the first welded truss I 
I ) is rather completely worked out as is the d I he 

important changes made in the other designs is lictal cperiencc 

pointed out. Comparisons oi the welded and rh I nstruction on the 

basis of cost, stress distribution, developed fact ty, and deflect 

are made in the appendix 






Case 1 

A WELDED TRUSS composed of angles, tecs and plates. Primarily 
a pre-experimental case for general observation purposes, and to test 
the practicability of the testing structure, later described. 



DESIGN ASSUMPTION AND ANALYSIS 

Having no precedents or practical experience with a composite welded 
structure employing the insert plate joint design, it was decided to use very 
conservative working stresses for both member and joint designs, thus pro- 
viding a structure uniformly over-designed. Under this condition, the 
several types of insert plate joints could be observed and studied at loads 
well above the normal designed strength of the structure, provided that 
welding would not introduce factors that would lower the strength of the 
members. Attention was given to the possible effect of residual weld stresses 
on the member and the so-called "fusion zone effect." Slight allowances 
were made over theoretical in determining the length of welds, which were 
to be made in a shop not heretofore experienced with special welding rods. 

The following working stresses were used for base anil weld metal for 
Case 1 : 

Lb. per sq. in. 

Tensile strength 13,750 

Shear strength 9,1 N >( I 

Compression (for short prisms) 15,000 

Compression (for rafters and struts) 15,000 — 70- 

Thickness of all welds was taken as the thickness of plates welded. Where 
two plates of varying thickness were welded together, the thickness of the 
lighter plate governed. 

The design procedure for a truss or similar structure embraces two 
methods, viz., member design and joint design. The allowable compressive 
strength in the members was compared to the indicated diagram stress + 10 
per cent. (The 10 per cent was added to provide additional metal to offset 
any residual stress that might he introduced as a result of the welding opera- 
tion.) The procedure for joint design tor tin- case endeavors to develop 
the full strength of both tension and compression members joined, as con- 
trasted with the usual procedure which uses the indicated diagram stress. 
Invariabh the above method will give a higher joint strength than the dia- 
gram strength prescribes, due to oversize areas of the members selected. 
1 he plate insert joint causes the welds at the terminals of each member to 
l unction in shear and compression, or shear and tension. The proportion- 
ment of these couples is made h\ deducting the effective abutting strength, 
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functioning cither in tension or compression, from the total tensile or com- 
pressive strength to the member determined by the preceding data, the result 
being the total shearing strength that must be transferred to the gusset plate. 
Reference to Plate I should be made in studying the following member 

and joint design calculations. 
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DESIGN OF MEMBERS 



Compression Members 

./ a diagram stress = 23,500 lb. (Controls) 

ll-h diagram stress = 22,100 lb. 

C-e diagram stress = 20,800 lb. 

D-f diagram stress = 19,400 lb. 
.l/< tnher A-a 

Working stress 23,500 X 1.10 = 25,800 lb. 

Angles selected, two 3 by 2 l / 2 by *4 m -» sa ^ e 

load = 26,600 lb. 

Next smaller 2, 3 by 2 by % in., safe load 

= 20,600 lb. 

L = 67 in. 

R = 0.95 and 1.00 (in contact) back to 

back. 

a = 2.64 sq. in. for 2, 3 by 2 l / 2 by l /$ in. 

angles. 

U = 15,000 — 70 X 67/.9S == 10,065. 

Ua = 10,065 X 2.64 = 26,600 in. 
Member c-d 

Diagram stress = 5400 lb. 

Working stress = 5400 X 1-10 = 5940 lb. 

Assembly provided tees (back to back). 

L = 67in. (L/r= 120 max.). 

Therefore r = 67/120 = .56. 

r tor 3 by 2 l / 2 by Vk ' n - T = -73 and .65. 

U = 15,000 — 70 X 67/.65 = 7800. 

a= 1.77. 

Ua = 1.77 X 7800 = 13,800 X 2 = 

27,600 lb. 

This is greatly in excess of the indicated 

stress. However, were used for purposes of 

symmetry. 
M< rubers a-b and e-f 

a-b diagram stress = 2700 lb. 

e-f diagram stress = 2700 lh. 

Working stress = 2700 X 1-10 = 2970 

lb. ; say 3000 lb. 

L = 34 in. 

As 1 x /i by \ l / 2 by 34 in. angles were assumed 

[ 



to be the smallest shapes that afforded ade- 
quate metal at the welded joint, these will 
be tried. 

r for about angles = 0.45, L/r = 34/.45 = 
75.5. 

A = 0.69 / = 15,000 — 70 X 75.5 = 
9715 lb. 

ha = 9715 X 0-69 = 6700 X 2 = 13,400 
lb. which is much in excess of working stress. 

Tension Members 

a-L diagram stress = 21,000 lb. (Controls) 

c-L diagram stress = 18,000 lb. 

g-L diagram stress = 12,000 lb. 

21.000 t „ . , . . 
a = j- -^ = 1.53 sq. in. for 2 angles. 

Area of two 2 by 2 by % in- angles = 1.88 

sq in. (nearest stock size). 

1.88 X 13,750 = 25,800 lb. plus. 

.1// mber f-g 

Diagram stress = 9000 lb. 
Member d-g 

Diagram stress = 6000 lb. 
9000 ft ,, 

a = 13750 = - 66 ' 

a of 2, \y 2 by \y 2 by 14 in. angles = 1.38 

1 minimum size used). 

1 38 X 13,750= 19,000 lb. 
Mi mbt r b-c 

Diagram stress = 3000 lb. 

M , m hi r i -d 

Diagram stress = 30on IK 

3000 n97 
" = T3T5o " -^ ,n - 
Minimum size used = \ l / 2 by \ l / 2 by *4 in. 
a == 1.28. 
Ua 19,000 lb. 
Me tit her g-g 

Diagram stress = (I. 

2, 1 ■ _• by \ l / 2 by % in. tees will be used. 
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Pi \n- I. This plate is a drawing of the 
first application of the insert plate as applied 
to a Fink type truss, which furnished experi- 
mental data for the subsequent truss designs; 
also a full scale means of determining the 
practicability of the testing structure 
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DESIGN OF JOINTS 



Joint I 

( 3 by 2y 2 by y 4 m.L) 
(gage line % in.) 
(2 by 2 by 1 4 in. L 
( gage line J ( 



7o//i/ 2 

(3 by 2'. bv % in. Li 
(l^b .in. L) 



Joint 

( 2 by 2 b\ I 

. in. L) 
j in. L) 

( gage 1 



! 
L 

I 



I 
I. 






Member A-a (compression): Total compression strength of mem* 
ber = area 1.31 sq. in. / 15,000 lb. = 19,650 lb. Compression leg 
area = 3 in. — '/% in. = 2 l /% in. (2.125) X -25 in. = .53 sq. in. 
X 15,000 lb. per sq. in. = 7950 lb. Shear leg strength == 19,650 — 
7950 =11,700 lb. Length of shear leg = 1 1,700 -^ 2250 = 5.2 in. 
Nature of joint requires this leg to extend to eave line resulting in 
much greater length than 5.2 in. 

Member a-L (tension) : Total tensile strength = area .94 sq. in. X 
13,750 lb. = 12,800 lb. Tension leg area = 2 in. — % in. = 1# 
in. = 1.375 X -25 = .3444 X 13,750 lb. = 4730 lb. Shear leg 
strength = 12,800 — 4730 = 8070 lb. Therefore length of shear 
leg = 8070 -h 2250 — 3.6 in. Design provides 6 in. 

Member a-b (compression) : Total compression strength = area .69 
sq. in. X 15,000 lb. = 10,350 lb. Area of compression leg = 1.5 in. 
- .25 = 1.25 in. X -25 = .3123 X 15,000 lb. = 4680 lb. Shear 
leg strength = 10,350 — 4680 = 5670 lb. Therefore length of 
shear leg = 5670 ~ 2250 = 2.52 in. The design does not provide 
this length, but due to the excess of strength provided by the design 
the indicated stress, the shear leg will not be extended beyond 
the gage line of the upper chord angles. 

Member a-b (compression) is the same as in joint 2. Shear leg = 

n. Design provides 3 in. 
Member b-c : Total tensile strength = area .69 > 13,750 lb. = 
9500 lb. plus or minus. Area tensile leg = 1.50 — .50 = LOO in. 
.25 = .25 X 13,750 lb. = 3440 lb. Shear leg strength = 950 
3440 = 6060 lb. Therefore length of shear leg = 6060 ~ 2250 = 
2.7 in. Design provides 4 in. 

Member b-c (tension) is the same as joint 3. Shear leg = 2.7 in. 
Design provides 4 in. 

Member d-e (tension I is the same as joint 3. 

Memh 'impression): Total compression strength = area 

15,000 lb. = 26,600 lb. Area compression leg = 3.00 in. 
*125 = .84sq. in. • 15,000 12,600 lb. 
Shear leg strength = 26,< 2,< 14,000 lb. Therefore, 

length of shear leg = 14,000 -=- (9000 .3125)= 5 in. Design 
provides 5 in. 

me as joint 4. requiring 5 in. 
length of shear leg. The design provides oi which is more 

than Sufficient to transfer the maximum probable stress that will be 

bei c-d. At joint 4 the design length of 5 in. has 
for the pur, ffening the wide guts 

Memhr joint h requif , J near 

leg. Design provides 4 in. 

rhe same a> joint 2. 
nt V. 






Joint 8 

( 3b 3 2j/ 2 In y A in. L) 

( I f . In P. In Va "i- L) 
(\y 2 by\y 2 hyy A in.T) 



/o/'/// P 



I *ln 2b 3 ' | in. L) 



Purlin Clipi 



Member /-</ (tension) is the same as Member b-c. Joint 3: 2.7 in. 
required, 4 in. provided. Member g-x (no indicated stress). Design 
provides 2 in. shear leg = 2250 lb. X 2 in. = 4500 lb. and (1.5 in. 
.25 in.) X -25 X 13,750 lb. = 4300 lb. tension. The sum of 
4500 lb. and 4300 lb. = 8800 lb. tor each tee. 8800 lb. X 2 = 
17,600 lb. 

Member D-f (compression) : Total strength of member = 19,650 
lb. (see joint 1 ). The abutting edge in this case is no doubt in tension 
under maximum load in the event of elongation in the bottom chord 
angles. Therefore tension leg metal = 2.125 X -25 = .53 sq. in. 
X 13,750 lb. = 7280 lb. Shear portion = 19,650 — 7280 = 12,370 
lb. Therefore length of shear leg = 12,370 -r- 22^0 = S l / 2 in. plus 
or minus. Design provides IP. 

In addition to the securement of the \y b. , in. tee, a splice 

will have to be made in the lower chord angles at this point. 
Member g-x (no indicated ^r ress : I >< sign prw ides ( 1.50 — .25) X 
.25 X 13,750 plus (1.375 X -25 X 2250) = 5070 lb., total tensile 
strength per tee X 2 = 10,140 lb. 

Splice (ten I th of member = area .94 X ' ; 

lb. = 12, ( >no lb. -r- 2250 = 5j4j in. plus or minus. 6 in. will be used. 
The preparation of splice for the two lower chord angles, to alfo 
the tension butt weld. 

5 by Zy 2 by {'$ in. purlin clips to be welded to the top chord angles, 
the 5 in. leg against the 8 in. channel purlin. The 2 l / 2 in. chord 
angles to be drilled for one ^4 in. purlin flange bolt. Maximum shear 
in clip angles = parallel component of panel load = 1400 lb. Design 
provides 3.5X2 = 7 in. X 1685 lb, = 1 1,800 lb. For a permanent 
structure the bolts specified above to secure the channel flange to the 
top chord angles, would not be used. The channel flange would be 
welded to a small strap clip which, in turn, would weld to the out- 
board edges of the chord angles, this avoiding any reduction in truss 
metal area. 
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Cask 2 

C 1 \- s ' ! was the riveted truss, the layout of which is shown in Plate I L 
A B) reference to Plate 1, it will be seen that the sizes of the* upper and 
low* i chords <»t both trusses are the same. 

Cask 3 

1^ this ( Plat< III, page 18), the design of numbers was identical 

with the riveted truss Case 2, the welded design applying as an adapta- 
tion dI welding to others s< fixed conditions, the a to deter- 
mine the relative strength ol two 

and v is manufactui 
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DESIGN OF JOINTS (CASE 3) 

npart-d with Case 1, it will be observed that improvements in the joint designs were 
made. An a result of the testing of Case 1, it was obvious that joints Xos. 1 and 8, while 

apparently adequate in design for all practical purposes, 
were not uniformly balanced with the strength of the 
remaining structure, and that all other joints were 
over designed. As a result of the strain gauge work 
on Case 1, it was apparent the arbitrary factor of 
I 11 per cent used in Case 1 to take care 
of residual weld stresses was excess: 
not unnecessary, Ry eliminating this 
residual weld stress factor, indicated dia- 
gram stresses were used to determine the 
weld design for all compression member 
connections of Ca>e 

In Case 1, a rupture had occurred 
at point X (see Plate I, joint 1 }, d 
the high bending stresses at this point. 
In Case 3, therefore, sufficient metal is 
added to reduce the bending stresses at 
this point so as not to exceed 16,000 lb. 
per sq. in. when the truss is functioning 
under the design load of 3000 lb. In 
members a-b and b-c, it is obvious that 
very little welding is necessary to trans- 
fer the stress into the gussel The 
principle of the insert plate is carried 
out and the shear weld is figured only 
for transfer of stresses. However, on 
b-c an excessive weld length is provided 
to stiffen joint 3 against the eccentric 
condition caused by the single angle at 
this joint. 

At joint 4 the gusset plate was in- 
creased in depth at the junction of the 
tension diagonals, and the beveled wing 
extending into member c-d was omitted, 
which, in addition to beveling the ends 
the plates, considerably reduced the 
amount of welding compared with joint 

At 9000 lb. panel test load, in Case 1, 

the gusset plate at joint 8, at >' (see 

Plate I, joint 8), showed evidence of high stresses, and to relieve this condition for 

Case 3, the gusset plate w as strengthened as shown. The horizontal extremities of the 

plate were shortened, thus reducing the amount of welding at this joint. 
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Case 4 

THIS case was a modification of Case 1, 
being a welded truss, having symmetrical 
members throughout, that is, double angles, 
back to back. (See Plate IV for dimension 
details.) Joint 3 was made symmetrical to 
supplement the design in Case 3, where the 
gusset plate metal was considerably reduced. 
Joint 4 follows the design in Case 3, but is 
accomplished with a shorter plate length due 
to the smaller tension diagonal. Joint 5 
utilizes a smaller gusset plate which still pro 
vides excess metal over theoretical require- 
ments. Joint 8 follows joint 8 3 Case 3 in 
general design, hut with a slight reduction in 
gusset plate metal due to the smaller tension 
members. The shear welds for the tension 
members are reduced from 3m; in. net to 3 in. 
overall. 
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Case 5 

SPECIFICATIONS AND DESIGN FOR A TUBULAR TRUSS WITH 
REINFORCED JOINTS 

FOR this case, standard black pipe was used for the members. Before 
attempting the design of a truss, wherein the tubular or pipe shape is 
employed instead of the customary angles and plates, certain general 
assumptions had to be made with regard to practic.il working strengths and 
i safety, transposition of stress through deposited metal, and the 
utilization of plate reinforcement, that would conform or lead to a stand- 
ardized engineering procedure for the design of the several joints in the 
tubular truss assembly. 

The following design assumptions were tentatively established: 

in. /. That open hearth pipe steel would be used, having the follow- 
ing physic al and chemi( al propertii 

: bon 10 pen enl I It in ■■ I silc 

40 p< igth 52,01 II • lb. per sq. in. 

Sulphur.. 035 percent Yield Point $3,000 lb. per 'sq. in. 

Phos| ' cent 

tri 2 I eld High Test welding rod would be used for all 

important weld-, having an av< rage ultimate tensile strength oi 58,0001b. per 

i m the weld an ' Id point ol 4-2,000 lb. per sq. in. 

tri • I hat the ultimate strength ol tin plate steel inserts or gusset 

plates - 55,000 lb pei ^\ in in tension and compression and 75 pet 

cent 41,250 lb. ii - 

./-,' / J hi ■ !'■: allowable working strength oi the materials of con- 
strue tlOn W ould I: ' 

Shearing strength oi plates: 10,000 lb. 
pei sq. in. I 41,250 divided by 4 ). 

deposited metal i 
1 J 500 lb. pei iq. in (60,000 divided 

1 "i pei o 

trcngl li oi deposited 
tal : 1 5,000 lb pei iq. in (60,000 

led In 4 I. 

I h ui deposited 

10, i lb 50,000 timet 

pei i enl di i ided In I pei 

[if i . 
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weld .it .! joinl where one tubular member 
other tubular membei shall not be considered greater than 
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the outside circumference of the least member, irrespective of the angle 
formed between the members joined. 

Art 6. That an insert or reinforcement plate shall be used in any joint 
involving stress to augment the butt weld, when the indicated diagram 

-tress is greater than 50 per cent of the working strength of the butt weld. 

Jrt. 7. That the combined strength of a butt weld and the shearing 
strength of the insert plate welds shall be not less than the allowable work- 
ing strength of the respective member. 

Art 8. That where a transverse load is applied on a tubular member 
in excess of SO per cent of the minimum collapsing or flattening strength 
of the member, a gusset or insert plate shall be employed to strengthen the 
member at the point of load application. The factor of 50 per cent is 
assumed to be ample in view of the higher collapsing strength that will 
develop under the conditions of load application at a joint in a tubular 
structure. 

Art 9. That where brazing is utilized at a joint for the purpose of 
sealing the interior surfaces against corrosion, the strength of such brazes 
shall be neglected when determining the weld design of a joint. 

Art. 10. That the thickness of gusset or insert plates, when inserted into 
a tubular member, shall conform to the following specifications: 

STANDARD PIPE EXTRA HEAVY PIPE 



Norn. Pipe Size 


Wall Thickness 


Plate Thickness 


Wall Thickness 


Plate Thickness 


In. 


In. 


In. 


In. 


In. 


1'- 


.145 


% 


.200 


A 


2 


.154 


V* 


.218 


H 


2Vz 


.203 


A 


.276 


A 


3 


.216 


n 


.300 


l A 


3/2 


.226 


y% 


.318 


l A 


4 


.237 


A 


.337 


l A 


5 


.258 




.375 


H 


6 


.280 


A 


.432 


'* 



Art. 11. That the maximum L/R ratio for primary compression mem- 
bers shall not exceed 120; for secondary compression members, an L/R 
ratio of 135 shall be considered a maximum. 

Art. 12. That no tension member shall have an unsupported length in 
excess of 50 times the outside diameter. 

Art. 13. That the average design thickness of a butt weld, joining two 
tubular members, shall not exceed the wall thickness of the smallest <ize 
tubular member being joined. 

PHYSICAL PROPERTIES OF STANDARD PIPE 



Nominal 

Pipe Size 
In. 


Outside 

Diametei 

In. 


Wall 

Thickness 

In. 


Area \i 

Sq. In 


Radius of 


Tensile 
Strength 
of Pipe at 

10,400 

1 i,950 
22,150 
29,000 

H.800 


Tensile Strength of Insert Plates at 

13.750 Lb. per Sq. In. 

(Slide Rule Computations) 


% in. 


fir in. 


Min- 


VA 

2 

2Vz 
3 
VA 


1.900 
2.375 
2.875 
3.500 
4.000 


.145 

.154 
.203 
.216 
.226 


.7995 

1.075 
1.704 
2.228 

2.680 


.6226 
7871 
.9474 

1.1640 

1.1370 


6530 

8160 
9875 


12,350 
15,000 


14.800 
18,000 
20.600 
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Plate V. An adaptation of the in- 
sert plate principle to a truss con- 
structed with tubular members. In 
this case the insert plate was used to 
reinforce the principal joints 



Joint No. 5 



Joint No. 2 & 3 



' 
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The application of the foregoing c 
for dimension details. 

DESIGN OF 
( lompretfii >n Memberi 

End ll> 

Tr A' 1.164 

be 
lb. 

l.D 



Dde to Case 5 follows. Sec Plate V 
MEMBERS 

I ention Members 
1 / ' . /. 
[.D.S 21,000 lb divided In 13,000 

in. 
l / ' ■ / 
l.D - /ided In 1 {,000 

/ 
Hi- lb divided In I 1,000 

■ 

i 1 7<>4 iq. in., 

. / .111.1 tills s|/C 

r)n- bottom 

[.D ed b] l v ' 

[,D by 1 1,000 

Id l»« 

I ! < 



DESIGN OF JOINTS 



hint I 

The angle formed between the upper and 
lower chords results in a burr weld length 
siderably in excess of the outside circumference 
or the J ' j in. pipe; how cut. the outside cir- 
cumference length governs. I See Air. ; of As 
sumptions, i This length is 9 in. plus. In dc 
ing this joint, two assumptions can be n 

I* irst That the bottom i hord oi th< 

in rigid, in w hit h i ase tin- top chord 
would tend ro move past the tei 
minal oi the bottom chord i ausing 
the butt w eld to him tion in shea i 
Set "M.I Thai the top i hord is rigid, in 
w hi( li i ase tin- but! w eld will I 
tion in ten 
The strength oi the butt weld in th< 
on tin- basis 'it the design assumpl ions 
.203 (see Art. 13) 10,000 18,270 lb. 

'I he strength oi flu- butt wU in the second 
case 9 ,203 I I 500 14 '-44 lb. 
\> the shearing strength oi the burr weld in 

the first * rise i> !e\N than rlie II' is the 

I.D.S. is gretaei than 5l I | I the w ork 

ing sti ength oi the butt w eld nent 

plate is required. I See Vi I 

The required shi insert 

plate for the top i hord 23 500 
I 1.750 lb. The sheai weld length thei 
equals I 1,750 I 10,000 ,3125 
in plus or minus. 

Vo/< As the single sheai \ alue oi tin 
insert plate is less than the double sheai 
ut the pipe wall the former go 1125 

10,1 1125 lb. 2 216 

4200 lb. | See \ir 4 (< md 

I'he design proi ides greatlj m ea 
3.74 in. length and could be modified. 

The required shearing sti 
sert plate foi the bottom chord 2 1 ,01 N ■ 
10,500 lb. The shear weld length there 

tore equals 10,5 I 10,000 ■ .3125) = 

3 36 in. [Tie design piw iJcn 2 I 
I be minimum tensile strength oi the insert 
plate in member a- L 2.875 H2 

13,750 12,350 lb., which exceeds th< 
quired shearing strength oi h'. 500 lb. 

From the above analysis, it is evident that 



the design of this joint pi 
deposited metal ro d strength appre- 

ciate in ill be im- 

lint. 
The the insert shear weld 

and the burr welds ma 

er b\ bronze fillet welds. 
Joint 

There are two fai tors at this joint ro be 

| 

the burr weld, ami | •', oi 

rbr uppei lis point. 

The i ompress • ut the weld 

I 90 .145 15,000 I J,000 lb. 

I strength oi a I in. standard 

111, (MID |b D.S 

and the ti ins^ erse !<-x> 

than 

ir plate i- 

M I.D impres 

sion. The compress 

I 

I 
■ 

ei kI.D 
I or the burr weld 

M bei b-e I.D.S 

lb. No p 

VIemh I 

^ I impres- 

I rhe buff 

- 

3 • lb. 
The l\ \ tend- 

• ! ie member equals the 

i 

26 > ; ' 1342 
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direction; therefore the resultant force which 
is the transverse load = 2716 lb. The col- 
lapsing strength of upper chord, as before*, is 
approximately 10,000 lb. 

The above figures of strength do not indi- 
cate that a plate is necessary. However, a 
plate is provided at this joint for the purpose 
of stiffening the truss at the center panel. 
Joint 5 

Member c-d I.D.S. = 5400 lb. in coin; 
sion. The compressive strength of the burr 
weld = 17,250 lb. (sec joint 4>. No plate 
ssary. 
Member d-y I.D.S. = 6000 lb. in ten- 
The tensile strength of the butt weld = - 
2.375 X -154 X 13,000 == 15,500 lb. plus 
or minus. Here again the I.D.S. is less than 
50 per cent of the weld strength, requiring no 
reinforcement. The horizontal components of 
the forces acting in members c-d and d-g 
towards joint 9 impose a compressive or 
crumpling effect upon the upper metal ii 
lower chord, immediately behind the joint, in 
the y panel of the truss. Assume that this 
infined to approximately one-fourth 
the circumference, or t 2.875 -=- 4 = 

in. The con , this 

portion of the membi es = 

2.26 ". 4-b) = 

1 lb. plus or minus. These forces = 

0' = 
lb. plus or minus. While the 
ly in balan blc to rein* 

this joint, it be pal points 

im. The members -< : ' 
at rh 

\ 
that ■ plate will carrj the horizontal 

6 KX) lb into the ; 

inch 10 lb. 

length 6000 

1 



Joint 7 

This is the same as joint 3. 
Joint 8 

Member /)-/ I.D.S. = 19,400 lb. in com- 
pression. 

Member f-y I.D.S. = 9000 lb. in tension. 

In order to obtain the direct stresses acting 
on the ridge weld, the force ot l f >,400 lb. has 
been resolved into its horizontal and vertical 
components, which act in direct compression 
and shear respectively. 

Vertical component = 19,400 sin 26 
35' = 8680 lb. 

Horizontal component 19,400 COS 26 

35'= 17,350 lb. 

Required shearing area = 8680 10,000 = 
.868 sq. in. 

Required compression area = 17,350 15,000 
= 1.155 sq. in. or a total sum. 

The weld area, governed b\ Art. 5, IS ap- 
imatelj t ■ 3.5 - .216 = 2.38 sq in. 
■ >r minus, indicating sufficient strength on 
the abow design assumptions. 

The weld strength ot member f-y 1 ^HII 
lb. (see joint 5), ^ (l per rent of uhuh IS less 

than the I.D S. of 9000 lb. Therefore a rein- 
forcement plate is required. A '4 in. plate has 
been sele< red. 

'J he unit shearing strength of the plate weld 
= .25 10,000 2500 lb. The stress to be 
ed b\ the plat.- 9000 2 4500 lb. 
Therefore the shear weld length 4500 2500 
= l.s in. The design provides approximately 
} in. Likewise the shear weld length for the 
upper chord inter! I9.4«hi 2 ; 2S00 
vsx iM . This length is greatl) exceeded h\ 

the necessary dimension- of the plate. Al 

bei g » carries do statu -tress, the design 
provides tor a tiller contour weld where the 
slotted metal engages the plate, the member 
inserting the plate a sufficient distance to in- 
sure ample strength. 
Joint P 
llembei v * 1 D.S. 0. Design pro' 

reel burr weld rh.it should develop the 
strength of the base metal of member 
However, an insert plate has been provided ro 
insure ample strength. The design provides 
4 in. each side of the center hue of the ti 



I 2% 1 



111 



Case 6 



MEMBER 

The design procedure for this case differed 
from that governing Cases 1, 3 and 4, in that 
the principal tension members were designed 
with respect to the factor of safety of the 
upper chord, which necessitated the adoption 
of maximum tensile strength factors for mem- 
bers functioning in tension, the objective for 
this case being a closer approach to a minimum 
distribution of metal with respect to tht maxi- 
mum fat tor of safety of the truss. 

The factor of safety governing the design 
of members is obtained by investigating the 
strength of a panel length of the upper chord, 
the slenderness ratio of which equals 70.5. 
The probable maximum unit load for a column 
of this type having a fixation factor of 1.5 and 
a slenderness ratio of 70.5 is 34,000 to 35,000 
lb. per sq. in. {see Bulletin No. 218, Bureau 
(it Standards, pp 656-7 and 662-3), or approx- 
imately the yield point of mild steel. Due to 
inaccuracies in the test structure and from ex- 
perience obtained in the initial truss tests, the 
above unit load was reduced 15 per cent. 

For the truss members functioning in ten- 
sion, a unit strength of 36,000 lb. per sq. in. 
was used for the average yield point of the 
material, it being assumed that, for practical 
stability of the structure, the yield point of 
the material in the tension members should be 
approached at a point when the upper chord 
member failed. This assumption, no doubt, 
penalizes the tension members with weight and 
would be too conservative for practical con- 
struction, but it affords opportunity to study 
column and joint action in this case under vrr\ 
stable web conditions. 

On the above assumptions, the detail designs 
of a few typical members follow (see Plate VI 
for dimension details) : 
Upper Chord 

2 angles, 3 by 2 l /> by l / A in., long legs ver- 
tical, greatest I.D x .S. at normal load, 23,500 
lb.; area, 2.64 sq. in ; R. 1.00 and .95; dia- 
gram length, 67. Slenderness ratio 67 -4- .95 
= 70.5. Probable maximum unit load equals 



DESIGN 

85 per cent of 35,000 lb. or 29,750 lb. Maxi- 
mum column strength equals 29,750 X -*64 
= 78.S4I) lb. Design factor of safety = 78,- 
540 23,500 = 3.34 plus or minus. 
Strut c-d (Compression) 

I.D.S., 5400 lb.; maximum stress at failure, 
5400 X 3.34 or 18,036 lb.; diagram length, 
67 in. In the trusses, Cases 2, 3 and 4, this 
strut was made up of two angles, 2 l /z by 2 h\ 
Y^ in., area 2.12 sq. in., having a minimum 
slenderness ratio, back to back, of 67 -=- .78 
= 86, indicating a maximum unit load of 
approximately 34,000 lb. per sq. in. plus. 
Therefore, the maximum column strength 
equals 34,000 X -85 X 2.12 = 61,250 lb. = 
3.3 times the maximum indicated stress. 

Try 2 angles 2 by 2 by l / 4 in. back to back. 
Area equals 1.88 sq. in. Least r equals 61. 
Slenderness ratio equals 110, indicating a max- 
imum unit load of 33,000 lb. per sq. in. 
Therefore the maximum column strength 
equals 33,000 or 85 per cent X 1-88 = 52,750 
lb., which is 2.93 times the maximum stress. 

While it appears theoretically that material 
reduction in area of metal in this strut can be 
made compared to the original selection of two 
2^2 by 2 by ^4 in - angles, caution is necessary to 
provide against secondary bending stresses likelj 
to occur in the light shapes under load, which, 
added to the direct compressive stresses, might 
sum up sufficient stresses to cause failure mate- 
rially below the normal strength of the strut. 
For the present it was decided to use 2 by 2 by 
% \d. angles back to back. 

The design of compression members a-b and 
e-f followed similar procedure Tee sections 
were used of a strength considerabh over 
theoretical requirements. For tension mem- 
bers the design of lower chord a-l can be taken 
as typical. I.D.S. = 21,000 lb.; maximum 
-tress at failure = 21,000 X 3.34 == 70.140 
lb.; required area, 70,140/36,000 = 2 sq. in. 
plus or minus. A 3 h\ J h\ ,';, in. stock tee 
has an area of 1.95 and answers the require- 
ments for both strength and design. 
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Plate VI 





Plate VI. For this 
case an attempt was 
made to develop the 
minimum weight a 
truss might attain and 
still retain a strength 
equal to the riveted de 
sign of Case 2. There 
fore, the design rep 
resents a closer ap 
proach to a theoretica 
disposition of truss 
materials than any 
previous case 



Joint No. 5 
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DESIGN OF JOINTS 

Design assumptions for maximum unit weld 
stresses : 

Compression . . . 40,000 lb. per sq. in. 

Tension 36,000 lb. per sq. in. 

Shear 36,000 lb. per sq. in. 

Member a-A (Compression) 

Two angles 3 by 2 l / 2 by 34 m - Gage line 
1 in. Maximum stress 79,540 lb. Area of 
metal in direct compression equals 2.64 sq. in. 
For this joint a one-half section of a 15 in. 
42.9 lb. I-beam was used, thus combining the 
plate with the compression flange. This 
avoided the long weld in the compression mem- 
ber, characteristic of the previous welded 
trusses. Although the metal area opposing 
member a-A is sufficient to develop at 40,000 
lb. per sq, in., the maximum diagram load, 
an insert shear weld of 2 in. was provided to 
insure rigidness at the connecting point. The 
selection of a 15 in. I-beam was necessary to 
provide sufficient web depth and flange width 
to accommodate the joint design. An excess 
of metal resulted, due to the profile of a 15 in. 
42.9 lb. I-beam, but this was not sufficient to 
materially affect the economy gained by elim- 
inating the long double-V shear weld men- 
tioned above. 
Member a-L (Tension) 

One tee 3 by 3 by j% in. Gage line 1 in. 
Area = 1.95 sq. in. Maximum stress 70,140 
lb. Strength of tension weld = 2 X .3125 
X 36,000 = 22,500 lb. Balance for shear 
weld = 70,140 — 22,500 = 47,640 in. As 
the minimum plate thickness governs the unit 
shearing strength, each inch of shear weld 
develops 1 X -3125 X 36,000 = 11,250 lb. 
Therefore the length of shear weld equals 
47,640 lb. -4- 11,250 lb. = 4.23 in. Three 
inches of this length is provided tor bj t In- 
horizontal shear weld next to the member, 
and an additional 3 inches is provided bv the 
inclined shear weld coinciding with the bevel 
e gusset plate. This latter derail nor only 
• pie strength for the tension member 
joinr, bur develops a high resisting moment in 



the gusset plate, against the negative moment 
developed at the same point by the reaction, 
or one-half the total dead and test loads. 



Joints 2 and 6 (Compression) 

Member a-b. One tee 2 by 2 by /i in. 
Gage line % in - Area = 1.05 sq. in. Maxi- 
mum stress = 9018 lb. Assuming that 
sufficient deposited metal was placed at this 
joint to develop the compressive strength 
of the strut, failure in such a case would 
be expected either by the crushing of the 
metal in the 3 in. legs of the upper chord, 
just inside the gage line, or by a straight shear 
through the upper chord adjacent to the lateral 
legs of the tee strut. Checking the former, it 
can be assumed that the crushing effect would 
be applied over a length of approximately 
2 in. minimum. As there are two angles in 
the upper chord, the compression strength of 
this section = 2 (2 X .25 X 40,000 lb.) = 
40,000 lb., which is greatly in excess of 
the maximum stress imposed. The shearing 
strength of the upper chord is 2.64 N - 36,000 
= 95,000 lb., 60 per cent of which is in direct 
shear with the plane of the strut. It is obvious 
that excessive metal is provided for by this 
joint design. The welds securing the lateral 
legs of the tee function in double shear for a 
length of 2 in. In addition the normal leg of 
the tree is welded directly to the 3 in. legs of 
the upper chord. 

The design procedure given above for joints 
1, 2 and 6 presents the more unusual features 
of this truss and at the same time is indicative 
of the methods used at the remaining joints. 
Adjacent to joint 5 there is a field weld in the 
lower chord. The maximum stress in this 
member, a 2 T ... by 2 1 £ bv T 4 ' in. tee = 40.080. 
Since the unit tensile strength used for design- 
ing the member coincides approximately with 
the unit tensile strength for designing the weld, 
a shear weld is unnecessary. However, to in- 
sure ample strength, a 3 in. shear weld length 
was provided. 
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Fabrication of Welded Trusses 

THE available facilities for conducting the experimental work involved 
in the development of these cases confined the testing structure and 
truss fabrication to a space approximately 13 ft. wide by 50 ft. long. This 
precluded the possibility of working out efficient shop methods. How- 
ever, progress was made with each case as developed, giving sufficient ex- 
perience to permit the promulgation of a Procedure Control for the first 
commercial application. 

The oxygen consumption for each welded truss was measured by 
recording the gauge pressure before and after each detail tacking and 
welding operation. These various pressures were referred to a pressure 
temperature volume chart for volume of oxygen consumed. A thermometer 
was secured to the side of the oxygen cylinder to record temperatures at 
intervals during consumption periods. The acetylene consumption was cal- 
culated from the oxygen consumption by using the proportional ratios for 
cutting and welding, applying to the respective thicknesses of metal involved. 
The items of acetylene consumption appearing in the cost supplements 
should be correct to within 5 per cent. Deposited metal was accounted for 
by weighing the rods consumed by each tacking and welding operation. 

All cutting was done with a No. 1 (Oxweld) cutting nozzle. Weld- 
ing was done with No. 10 and No. 12 (Oxweld) welding tips. Time studies 
of typical joints are given in the appendix and show a welding time rela- 
tionship between these two sizes of tips for the same type of joint. 
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WELDED FABRICATION PROCEDURE 
Before the actual shop work on the first experimental truss was started, 
the welders selected to do the welding were required to qualify by welding 
together two 9 by 18 in. plates, of a thickness and with a joint preparation 
resembling that to be ultimatel) worked upon. The square plate was cut 
into coupons 2 in. wide by 18 in. long, and tested in a tensile machine. 1 he 
strength requirement for the welds for structural steel were set at a minimum 
of 50,000 lb. per sq. in., and to withstand bending through 180deg. These 
requirements were met forthwith by the men selected. The results of the 
tensile test on these coupons showed a strength of 58,000 to 60,000 lb. per 

sq. in. 

As in the design development, so in the fabrication procedure, expe- 
rience gained on each truss was used to perfect methods on the subsequent 
trusses. By the time Case 4 was ready for fabrication, a somewhat regular 
procedure had been developed. This will be described in detail. A space 
s allowed for all joint spacing. On the other hand the cuts were 
not beveled for welding a- is often done for metal ' 4 in. thick or more. 
Layout and Preparation: 

Heavy paper templates, which Fig. 5 typicall) illustrates, were made 
for the necessary cutting of all gusset plates and members. The templates 
for the gusset plates were transferred to a A in. stock plate. The profiles 

were made with soapstone pencils, 
and at each change of direction of 
profile lines, a visible center punch 
mark was made. The cutter, using 
light brown goggles, had no difficulty 
in following these lines. For the 
long profile line- a steel flat straight- 
edge was used to gi ide the blowpipe, 
two straight-edges being used, one 
cooling in water. The edges <>1 the 
templates were nude to coincide 
with the edges of the next adjacent 
template outline whenever this could 
be done. Thus, a single Mow pipe cut, 
in main cases, isolated two template 
edges. 

In laying out the members, a steel 
tape was used to establish the insert 
center lines. The two angles com- 
posing each inserted member were 
clamped together, and the inserts for 
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one side were laid out. Inserts for th< opposite member were then trans- 
ferred from the hist side by sighting over a small square. In cutting the 
inserts, multiple operation was tried, but it was found more expedient to 
cut one angle at a time. It was found also that time could be saved at no 
expense to workmanship on the insert plates by considerable free hand 
cutting. 

Preliminary Assembly: 

The principal members were laid back to back with the vertical legs 
standing up, and C-clamped together. The double gusset plates for each 
joint were next inserted and tacked at two places. The next operation con- 
sisted in welding the gusset plates into their respective members. Each 
member was laid across blocking, spaced from 6 to 8 ft. apart, with the 
plane of the gusset plates in a horizontal position, so that horizontal weld- 
ing could be done. The joint along the gage line was welded first, then 
the leg welds — either side. The member was then turned over and welded 
on the opposite side. At the completion of this operation, the assembled 
members were straightened with the aid of a heating blowpipe (a weld- 
ing blowpipe with a No. 12 [Oxweld] tip) by springing the member on 
its back at the joint. Little difficulty was experienced here as the deflec- 
tion was not over y 2 to y+ in- en d to end. The following advantages are 
gained by this method of preliminary assembly: 

1. The major part of the welding can be done most advantageously. 

2. The partially welded members can readily be straightened. 

3. The principal or longest welds are isolated from the final welding operation, which 
reduces the weld contraction effect in the truss as a whole — in fact, to a point 
where straightening of the truss is unnecessary. 

4. Heating is conserved, as the reverse side weld can be made as a continuation of 
the first weld by turning the member over. It is here that a special fixture for 
assembling, holding and turning the member would provide better efficiency than 
was possible under the conditions at Buffalo. 

Final a Issembly: 

The partial!} welded principal members and the compression strut of a 
half truss section were next laid horizontally on stringers and C-clamped in 
their proper position. These consisted of members: upper chord (A-a, B-h, 
C-e, D-f), lower chord (a-L, c-L), tension diagonal (d-g and f-g), and 
compression strut (c-d). Heavy cardboard templates cut with an angle of 
26 deg. 35 min. were used to square the assembled members. The remain- 
ing web members were next placed and clamped, and welding was resumed. 
The welding procedure was consecutive, starting at joint 1 by welder No. 1, 
and at joint 8 by welder No. 2, and meeting in the center. Each welder 
was permitted to work on the joint most handy to himself. The welding 
application at a typical joint is shown in Fig. 6. At completion the truss 
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was in good alignment in both planes and required but little straightening. 
In Case 6, because of the use of tee members below the top chord, the 

layout was further simplified. A slight modification was made in the pre- 
liminary assembly of this 
case, consisting in the 
omission of one of the 
gusset leg welds. In other 
words, only the gage line 
weld and one leg weld 
of the gusset plate were 
made, the other leg being 
left for the final assembly. 
This procedure reduced 
the straightening time at 
the completion of the 
preliminary assembly. It 
also facilitated the work 
of aligning the half sec- 
tions in the final assem- 
bly. It would probably 
be better to omit both leg 
welds in the preliminary 
nblj Experience with the final assembly brought out the possibilities 

for further economies in this t\ pe <;1 construction by using tee section 

members. 

Case S, the pipe truss, has been left for separate and detailed considera- 
tion because ol the importance oi the special methods developed. 

ut and Pn paration, Casi J : 
In the shop development oi this truss, an attempt was made to originate 
.1 simple praau.il method ol procedure for tin- assembly operation. (The 
nature of the member material introduces complications for the layout man 
in regard to centering the joints, unless .1 different method is employed than 
is usuall) followed where tubular materials are substituted for structural 
shapes i 

Iwm sets oi templates were prepared one set providing the terminal or 
profile cuts, the second set establishing the joint or template base line. The 
latter is combined with the member templates for insert slots and enables 
the layout man to indicate either or both details at each joint 'I I 

lilies are shown dotted on the member templates ami, when transferred to 

and center punched on the member, readily provide a means 0( ft ' 

the truss web member. Further, these base lines guide the layout man 
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J unit No. 1 Case 3 



Time Data 

Preliminary assembly Final assembly 
Welds Nos. 1 & 2 Welds Nos. 3 & 4 
X Normal side a 19 min +11 min 

Y • Normal side ___° 17 min *-6 l / 2 mm 

X • Prime side c 24 l^ min ♦ 10 min 

Y • Prime side o 14 mm * 9V 2 mm 

o = No. 10 Tip, Welder No. 2 #=No. 12 Tip, Welder No. 1 

I M 6. Diagrammatic representation of welding procedure used 
for this type of joint 
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FlG. 7. Typical shop drawings for the members of the 
welded tuhular truss, and a detail showing the develop- 
ment of template for a terminal cut for an angle of 26° 35' 
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when transferring the terminal or profile templates; they appear also on 
these latter templates. 

Experience showed the practicability of this method. Typical details 
oi the two sets of templates for this case are shown in Fig. 6. The layout 
oi the members consumed considerably more time than in other cases, pri- 
marily due to the experimental conditions. Greater caution was exercised 
in doing this work which also is responsible for the longer layout period. 
Por a practical case, where there would he a multiplicity of trusses, it 
would no doubt be better to divide the layout work, using one operator for 
base lines and slots, and the other for terminal profiles. 

As designed for this case, the insert plate template- require more free 
hand cutting than in the previous types. However, the time was reduced 
to approximately one half compared with Cases 3 and 4. 

Considerably more cutting is required for the tubular trus> than for the 
shape trusses, and the nature of the cuts slows up the operator. 1 he mem- 
bers must be rotated during the cutting operation tor all profile cuts, and 
reversed for the insert slot cuts. For production work of tin- class, prop- 
erly designed fixtures would greatly facilitate the operator's work and lower 
the cost of preparation. By striking the cuts with a ball-pier hammer, the 
adhering oxides are readily dislodged. 
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Preliminary Assembly, Case $: 

A similar procedure to that employed for the shape trusses was fol- 
lowed. The insert plates were inserted into their respective member slots, 
tacked and welded. The plate fillet welds were not made until the truss 
\\a- assembled, which resulted in the omission of these fillet welds under 
a tubular member. No straightening of members was necessary at comple- 
tion of welding and no special welding procedure was followed. 

Final Welding, Case $: 

The final assembly procedure was also similar to that used in previous 
cases, namely — the principal members were laid horizontally on a support- 
ing scaffold, lined up and tacked; then the web members were filled in 
and tacked. Flat wedges were used to adjust the height of each member 
at a joint, and where gusset plates occurred, the wedges were inserted in 
the slots which jammed the member at the insert plate. After tacking, the 
wedges were removed. The profile welds were made first at each joint fol- 
lowed by the exposed fillet plate welds. Each half truss section was rotated 
to accommodate the welders. From the experience gained in fabricating 
this truss, it was obvious that the joint designs could be modified with respect 
to the insert detail. 
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Testing Structure and Methods 

TEST STRUCTURE 

IN the development of a method for testing the six trusses involved in 
this experimental program, an attempt was made to dispose the applied 
loads in conformity with the theoretical load increments which govern the 
calculations for determining member stresses. The theoretical investigation 
contemplated reconciliation of the theoretical stresses with the actual str< 
in the respective truss members under various applied loads; also, the ques- 
tion oi residual weld stress effect, on Mich t\ pe of structures, was involved. 

In order to render this 
theoretical work more in- 
telligible, and with as few 
factors of assumption as 
possible, it was decided to 
apply the test load at 
truss panel point, concen- 
trated in such a manner as 
to cause the center of grav- 

through the center of grav- 
ity intersection point of 
the members at each joint. 




Fig. 8 above . \ iew of tubular 

truss showing the amount of pig iron 
sustained up to the point of failure 



Fig. 9 right . typical vievi of the 

testmii structure showing l<>.iJ pl.it- 

form suspended from each panel 
point 
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4% 4"x | L offset purlin here, 
\ / bolted to a special bracket 

^% set on top of platform saddle. 




s 

structure 



Concrete pier 
anchored to floor 



Heretofore, as far as can be determined, similar structures were tested by 
applying a superimposed load, generally made up of bags of sand, over 
roof planking, laid across the roof purlins. The factors of error known 
to exist as a result of such methods of testing, such as arch action, uneven 
load distribution, intermittent increments of live load and impracticability 
of testing to destruction, were thereby avoided. The drawing and photo- 
graphs, Figs. 8, 9 and 10, show the test structure in detail.' 

For loading material, pig iron was used, each pig being accurately 
weighed and marked to one-hundreth of a pound. 

A deflection gauge wire was stretched under the lower chord and 
secured to the gusset plate of joints 1 and 1' by a straddle wire over 
■i j in. bolt passing through the plate close to the center line of reaction. 
A heavy coil spring and turn-buckle served to draw the gauge wire taut. 
Foot planks and portable scaffolds were provided throughout the test struc- 
ture to facilitate the strain gauge work, purlin leveling, painting, hammer 
testing and observations. Removable blocking and wedges were provided 
beneath the -impended platforms to restrict the drop of the suspended plat- 
forms when approaching maximum truss strength. 

The assembled truss was elevated to position on the concrete supporting 
piers, and by reference to a true line stretched over the gantrv beams, align- 

►The writer m, t k<- acknowledgment to Structural Department of the Bureau of Standards fur main 
valuable suggestion! made in connection with the development of the testing structure. 
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10. Side elevation and 
end elevation drawing of testing 

I lire 
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men( ol the truss al panel points was obtained I 

uppei chords was provided b) the i in mnel purlins n hu h v 

bolted to the purlin < lips, mi >unt< d i fl 

point. The gantry ends ol the purlins h 

to an 8 in. I>\ ' \ in In 24 in -lip plate, in turn b 

the gantr) posts The lower purlin flan 

the neb boll nuts being made I lit only, to permit the pui 

freel) about the lower fl nnection I Ik- slip plate boh 

slotted to permit ol vertical adjustments as truss deflect 

edges ol the purlins at the panel points 

as the truss defle< ted vertii ill) 

The platform saddles from which the platform susp< 

hung were mounted n ith tin 

swa) bra( ed In two ^ in. 1 

joints 5 ami 5'. The outboard 

ing, nailed across the gantr) posts Eith( 

sleeves placed over an J tacked toi 

tries the rod-hole was slotted to p 

chord deflected Wherevei an) lateral attachments 

tor vertical adjustment n as also ; 

the truss when necessar) 
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Details of Testing Structure 



Fig. 11 right . Method of 
securing the truss at the rigid 
anchorage 




I he free end em- 
i nci of rollers mounted on ;i 

rocker casting between a lubricated 
I-beam race 



FlC. I 1 right . ( ondition ol 
the upper chord in the third 

lember had occurred 




The free end of the truss was restrained laterally by two sections of 18 
in. I-beam (Fig. 7) bolted to the concrete support, cither side of the bear- 
ing plate, the inside flange of which provided a horizontal race for the 
truss bearing plate. The points of contact were lubricated with grease to 
insure free movement. 



THSTING .METHODS 

A typical testing procedure, after erection of truss and mountin 
testing accessories, applicable to all cases in general, follows:* 

( 1 ) The second set of strain gauge readings 

was taken, representing the true dead 

load stresses resulting from all weights 

sustained h\ a truss with the exception 

of wooden platforms. 

(The first set of strain gauge readings 

was taken before the trusses 

mounted in the test stun ture. i 
(2) Base vertical and horizontal readings 

taken. 

Truss painted with whirr portland 

cement. After this coating dried, the 

drilled strain gauge stations were <\ 

posed, cleaned and lubricated. 
(4) The first load Increment of pig iron 

aggregating, with the dead load, 3000 lb. 

per platform, w as phu ed. 
i 5 * Purlins leveled. 
(6) Vertical and horizontal deflection 

ings taken. 
( 7 ) The third set oi strain gauge rea 

h as taken, representing the true si i 

at normal or work load of truss. 
(SI) The second load increment of 3000 lb. 

of pig iron w .is pla 

The pig iron which was used to weigh the trusses was laid con ecutivelj 
on each platform, starting with No. I, and proceeding to No. 7. thence back 
to No. I, platform, etc., a pi ^ at a time. All recorded test data waswitn 
by, and reconciled with, representatives of the Pittsburgh Testing Labora- 
tory. 

•\ (M , i h ,- dead comparable weight ol each truss was determined b reig _ ■ rnpleted 
welded truss on .1 certified 2,000 lb. portable platform • both thi^ scale and the 

2.000 lb. counter scale l>\ tin- Hurt iu ol W - ights 1 d M< is • made. I I 

purlins, platforms and accessories, and -ill attachments to th< truss 1 tusing increments ol load on an 
erected truss, were accuratelj weighed before mounting. 



Of 



(9) Purlins leveled. 
(10) Vertical and horizontal deflection read- 
ings taken. 
ill) The fourth set oi stra a dings 

taken. 
12 The third load increment oi 5000 lb. of 
pig iron was pla 

some rases this third load incre 

ment was divided into 1000 lb. and 2 

lb. sub-increments tor the purpose of pro- 
curing deflections and for strain develop- 
ment observatio 

P irlins leveled. (The riveted truss and 
the tubular truss tailed at or before this 
point. ■ 
(14) I )efle< I 

1 I 5 1 The fifth set oi strait ad ings 

was • 

I he fourth load increment of pig iron 
placed. I his increment approxi- 
ted 1000 lb. hv sub-incremenl 
500 lb. with the exception ol 

which tailed before the 1000 lb. fourth 
increment was applied. 
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Condition of Joint 



All trusses were painted with one coat of white 
Portland cement for the purpose of increasing vis- 
ibility of the Liiders lines. These so-called Liiders 
lines appear when the stresses approach the yield 



Fig. 14 {right). Joint I 
of Case 1 at free end show- 
ing slight rupture in insert 
plate which developed at 
a load of approximately 
63,000 lb., which point was 
reinforced as shown in 
Fig. 16 




Fig. 15 [left). Joint I of Case 2 
showing close-up ol the upper chord of 
the riveted truss adjacent to the free end 
showing de\elopment of high stresses 
in the vertical leg of upper chord as 
evidenced h\ the I iiders lines 



loint 1 at the rigid end of ' 
showing effect of hammer test applied at each joint 

h tnjw irii< , , design load oi 6 (MM) II 

per panel, or 42,000 lh. per 

■I applied, during vxhich no i 

developed, the cement coating uav re-applied for 

observation purposes at the higher load 
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:nt No. 1 After Test 



point of the material, and are formed by the Hak- 
ing oi the surface oxide, or mill scale. In this 
thej are accentuated by the contrast with the un- 
disturbed white cement coating. 





Fig. 17 {left). Joint F at the free 
end of Case 4 after the upper chord 
had collapsed. The disturbance in 
the cement coating indicates the 
stress intensity in the vicinity of this 
joint, which, it is noted, is beyond 
the insert plate and the welded joint. 
Bending stresses have developed 
through the section as a result of 
the rotation of the structure about 
the free end support. 



FiG. 18 (right). Joint I at the 
rigid end of Case V (tubular truss 
showing the splendid condition of 
this joint after the upper chord had 
failed. The disturbance in the 
cement coating in the upper chord 
adjacent evidences that the maxi- 
mum strength of this member was 
rapidly being approached at the time 
failure occurred. 




Fig. 19 (left). Joint I at the free end 
of Case 6, showing typical condition oi 
these joints where failure of the upper 
chord occurred. Attention is again called 
to the undisturbed condition of the 
weld joining the members to the plate, 
in this case being an integral part of 
a rolled section made up from a 15-inch 
I-beam (see drawing Plate VI, Joint I 
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Column Failures 




i si 1 



i 23. ( lsi 4 




i left 
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General Summary of Results 

Will LI-- there were no joint failures with either type oi construction, 
a study of the results oi these full scale tests credit the welded ti i 
with .1 uniforml) greater stability than a truss of equal w< nstructed 

\\ iih rh eted I- nuts. 

<>t particular interest are the results oi the tests oi t ases ; and 6 Hie 
Case 3 having identical member design and weighing slightl) less than the 
riveted truss, developed a facto i oi safet} approximate!} 15 per cenl 
1 he Case 6, weighing nearl) 22 per cent less than the riveted I 
developed a fa( tor oi safet) oi 10 pei i ( nl . 

J hi- work then indicates thai a trueeconomi< design, or one which uses 
materia] in a manner that will provide lor uniform strength oi structure, 
will iiieit .i saving oi approximatel) > n per cent in weight oi material. 

There are several factors in welded construction that make for ecoi 
in weight, the two principal ones I reater rigidit) of built up i 

pression members and the use oi net metal for the tension membi 

Results "i the tests consistently showed th.it the fixit) of tl 
chords, both al the panel points and at the stitch d-span, operated 

t<> improve the compressive resistant se meml» 

The use oi net metal s ma I p issible h\ tin- high efficienc) 
transfei in the insert plate, which can be held to a minimum oi M 11, 
tent b) the propei calculation oi the -hear welds 

Welding also affords a means oi ig the small sub struts int 

structure and in their most effect tion \ -liL, r hr saving in w< 

i- also gained b\ the use oi smallei gusset <>r insert pi 

That welding does not inject negativi a steel structure d • 

along the lines shown herein, has i stent!) proven In th 

oi the tests and the strain gauge work I he measured si the 

joints and the stress distribution in tin members as det< rn ined h\ tl B 
Strain Gauge, conformed ver> closel) to the theoretical joint 
the indicated membei stress distribution for pin-connected st 

From .i welding standpoint the tests brought out that the method 
employed conformed satisfactorily to .ill the requirements 
struction and sound welding p Weld mplished without 

difficult} ami alignment oi the finished structu 
observance oi a tew simple procedures during the prelimii 
ea< h c ase. 



■ it was found tl 

till .1 I l<< I In - 

lo twia th 

l>f gatni d w here Prot 

the place «■! double \ < < wt Id 
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For a resume of the fabrication costs of the welded trusses, the reader 
is referred to Appendix E. 

CONCLUSION 

Summing up, then, it would appear that this method of fabricating roof 
trusses will effect a saving in all members and parts. Dependable joint 
strength has been proven by the fact that not one failure occurred in six- 
hundred or so welds involved. While credit for this is due in part to the 
design for welding, in the most part it is due to observance of the proper 
welding Procedure Control. 
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Vppendix 



Appendix A 



INVESTIGATION OF STRESS DISTRIBUTION 

THE stress distribution throughout each truss was determined w ith a 2-in. 
and an 8-in. Berrj -train gauge rhe former records the -train in the 
metal to within accuracies oi plus or mum- 00005 in., the latter to within 
.( *( m )( *2 ^ in., corresponding to a stress oi 15001b. persq in and 7501b 
sq. in, respectively. The stresses were measured m the members mid 
between panel points A tew readings were also taken across the welds 
•mil over rivet- For accuratel) marking the -train gauge measurem 
holes were- made in the members with a \ J6 drill, 
and 8 in. apart, carefull) reamed and lubricated p out partul 

the < ement ( oating i stations wei enter of 

gravit) oi each member, and on the extreme fibre on the critical mem 
I hree readings were taken al each station, which in mi red accui 
Strain gauge readings were taken as follov 
I. With trt l if the lo 

_'. \tt'-r n >unted in • I load on tl 

point i oi 

weight oi the platfo >ns. The i 

set up b 
! \\ hen J0O0 lb. pei pi n I led. 

4. \\ hen '»' N 10 lb pei p] itfc nded. 

\\ L- ii 9000 lb. per plati e normal 

6. \\ hen 10,1 100 lb. pei pi it luspended, w I" 

In ordei to determine the stresses thai could possibl) be atmhur 
welding, readings were taken on memb< 

alter assembl) oi the tniSS I I I 

stud) the effect oi an) interna] set up durin 

stress distribution in the structure under load. 

The stress graphs on pages 52-53 show I • the 

upper and lowei chord members oi rhe first panel oi all ti iss ! I 
loads are plotted as abs< issa .\nA the measured ui 
under these I ►ads as ordinates I 

theoretical stress The average measu tl \ 

the truss are shown by the circles, the th< N 

or opposite side b) the squa res I 1 
b) measurements taken before ami .i 1, 

abscissa I he graphs show that the actual stress vith 

the theoretical In the sub-members tin 
the mam chords oi the truss, being consistent!) lower than tl 
rhese sub-members, however, were notsubjected I 

hud 
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ioil)f First Panel at Fixed End of Truss 
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Stresses due to truss loads 



— Theoretical unit stress in members 

o o o Average measured unit stresses in members of one (x) side 

ODD Average measured unit stresses in members on other (y) side 
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The stresses due to welding are variable in amount and appear to be due 
to slight bending, as the measurements record tension on one side and com- 
pression on the corresponding opposite side. In most cases, these secondary 

stresses do not exceed 3000 or 
4000 lb. per sq. in. They do not 
influence the stresses due to load- 
ing as far as can be determined 
by the gauge readings. 

The stress graph for Case 2, 
the riveted truss, shows a total 
panel load of only 6000 lb., since 
this truss completely failed while 
preparations were being made tor 
strain measurements just after the 
third load increment of 9000 lb. 
per platform had been placed. 
The plate shows general con- 
tinuity of the measured stresses 
w ith the theoretical ; the measured 
stresses in the sub-members, how- 
ever, did not check as closely with 
the theoretical as is also the case 
with the welded trusses. For 
panel A -a, top chord, stress 
graphs were developed for the 
extreme fibre of the legs as well as near the center of gravity. The read- 
ing of member A-a, taken at the extreme fibre of the vertical leg, showed 
ibre stresses to be in excess of the theoretical, which could be expected 
due to pronounced vertical deflection in this member, J -a, at the point of 
failure, as shown in Fig. 26. The weaker condition of this member or 
column, can undoubtedly be explained as attributable to its end condition 
which in riveted construction is not as rigid as in a welded joint, and to the 
lower stability of the stitch rivets compared with the method of stitch weld- 
ing, resulting more readily in deflection of the column under load \ special 
curve wh.ch plotted the local stresses measured acros> the stitch rivet in 
memb / showed that the stress in the member at this point is increased 
in proportion to the decrease in area, due to the rivet hole. 

I he stresses in the pipe truss, Case 5, were measured at the sides of 

P Pe mu\ consequent!) include an) bending stresses that may have been 

set up in the members due to welding or erection in the test structure 

Indications of bending stresses were found when measuring the stresses at 
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Frc. 26. Joint I at rigid end of Case 2, showing Luden 
lines developed adjacent to the plate, indicating pres- 
ence of bending stresses which are expected due to 
rotation of the structure about this point 






I" 



J 









= 1 S I 

1- 










i I 9 













• 




" 


• 


. 


• 










— • I.I 



35 
30 
25 
20 
15 



t 5 













/ / 

/ / 








/ / 
/ / 
( / 

r / 






/; 


/ 






/ / 
/ / 

; / 


La 




/ / 
/ / 


?/ 


Tension 




J / 

p / 









Panel load in pounds 



L rr) 



5 

10 
15 
20 
25 
30 



y. 






\ 


\ C 


A-a 

ompressic 


n 



































Stress in Members of So-Calk 



35 
30 
25 
20 
15 
10 







































L-c 




/ 




Tension 




V 









35 
30 
25 
20 
15 
10 
5 




1 










// 






// 




/A 






// 


L-g 






Tension 




// ' 





Panel load in pounds 



Panel load in pounds 




— Theoretical unit stresses in members 

— O Average measured unit stresses in members of one (x) side 

— a Average measured unit stresses in members ot other (y) side 



I Sf> I 
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I.D. S. 

lb. 
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20790 

19440 

21000 
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2700 
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(Note:- For truss diagram see other cases) 

Design load W=3000 lb. 
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to tin theoretical requirements. The lower chord was reduced in size 
between joints 5 and 5', the main strut c-d i> smaller, as are the sub-strut 
ami web tension members. 

To determine the stresses across the welds at critical points special 
readings were taken on Truss 6, at joints I and 3. The location of these 
measurements and the result are shown on pages 56-57. At joint I, it will 
be observed that the stresses across the vertical leg tension weld agree 
el<»el\ with thcor\ up to the time where relatively high loads were applied 
on the truss, .it which time bending stresses are imposed by the deflec- 
tions oi member / >t. These stresses were clearly manifested in the 
base metal oi the member adjacent to the weld, by general disturbance in 
the cement coating, since the yield point of the metal had been reached 
and passed. The strain gauge recorded these stresses up to the yield point, 
permitting indication on the stress graphs as shown. The weld remained 
intact, judging from the condition of the cement coating. 1 he stn 
measured on the under side of member L-a at the position shown in the 
sketch, which are made up oi direct and bending stresses, graduall] diminish 
in intensity, indicating transfer of the member stress into the gusset plate. 

\t joinl \ the average of the measured stresses across the leg tension 
welds agrees fairly closel) with the theoretical unit stress curves, being 
somewhat less at both gauge stations. 

flu result of these joint readings would seem to bear out the principle 
"i stress transfer as explained previously. 
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Appendix B 



COMPARISON OF FACTORS OF SAFETY AND DEFLECTIONS 



CAS! 



No. I— Preliminary 

1 mssWYI.L'd 



No. 2 



R i < 



Weight 

of 
fruss 



d 11M 



rotal 

Suspended 

Load 



No, J— I )uplicate of 
Riveted [Yusa bul 
u ith Weld (ointa 



No. + Sj mmetrii .i 
Welded [*rusa w ith 
Double Angle Mem 
bera 

No, 5 — 1 ii h ii I .l r 
I rusa Welded 



No. 6 I in >• in I) e i 
I rusa WYId.d 



71,988 



72,21 \ 



1079 
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.it Win. h 
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Were M tdi 





















Maximum I)i i i i 



i 



Rigid 



1.42 



1.04 






End 



1.531 









Horizontal 


















RhMAKKS 



'.3,000 

deflection read just 
before failure. Up- 
per chord failed in 

first panel from 
rigid end. 

•us read just 

• lilure .it ap- 

3200 lb. 

per panel. I 

chord t o n c h i n g 

wire, rigid 

end. 

Upper chord failed 

in first and second 
from rigid 

end. 

Deflecti' 

ipper < hord 

tailed. 



approximate! 
lh. per panel 

■ 
first panel (nun 
end. 

( pper chord 

in thin' 
free end. 
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Appendix C 



DEFLECTION GRAPHS 
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Appendix D 



TIME DATA FOR FABRICATION OF TRUSSES 

HE accompanying drawings ami tabic show the welding tunc required 
tor each joint of each truss. The drawings shovs the welding appli- 
cations at each joint of Case 3. The first sketch is a key drawing for local 
ing the numbered joints as used in the tabic 



T 



Front side of truss looking 
east is termed the X side 

Rear side of truss looking 
west is termed the Y side 



Outline of truss showing general 
nomenclature 

Joints are numbered, panels 
are lettered. 







Time Data Joint No. 1 
Preliminary assembly Final assembly 
Welds Nos Land 2 Welds Nos 3, and 4 
X N 19 mm. o 11 mm * 

Y N 17 mm. a 6j mm * 

X P 24 mm. a T_10 mm ♦ 

Y P 14 mm a 9j mm * 



Joint No. 2 



Final assembly 
Welds Nos 8.9, and 10 
X N. _ 5 mm. * 

Y N 4 mm. * 
X P 5 mm * 

Y P.. 7^ mm. * 
Final assembly 

Welds Nos. 8,9. and 10 

Joint No. 6 

X N 7 mm a 

Y N „3| mm a 
X P 6 mm . n 

Y P . _. 8 mm. a 




Joint No. t 

Time Data 

Preliminary assembly Final assembly 

Welds Nos 1.2. and 3 Welds Nos 4.5.6. and 7 

< N .5 mm.* 9 j mm ♦ 

Y N__ 4 mm. ♦ . 11 mm « 
X P 9 min. n__ 10 mm # 

Y P 7 i mine 12 mm.* 






I M ] 



ff*= 



'* 




Joint No. 4 



Time Data 

Preliminary assembly Final assembly 

Welds Nos 1.2,3, and 4 Welds Nos 5,6.7,8,9,10, and 1 1 

20 mm + 20 mm, o 

16 mm + 24 mm -f 

19 mm ♦ 14 ; mm o 

19 mm ♦ 21 min.# 



Time Data 

Preliminary assembly Final assembly 

Welds Nos 1,2, and 3 Welds Nos 4,5,6,7, and 8 

X N ___8 mm.* 11 - 

Y N 6 mm* 19 

X-P 6jmin.* 14 

Y-P 8 1 mm * 13 



mm. 4 
mm. d 

mm. * 
mm n 




Legend 


Normal Side 


Normal Side 


X-P = Prime Side 


Y P = Prime Side 


* = No. 12 Tip, Welder No. 1 


D=No 10 Tip, Welder No 2 


• = Tacks 






Time Data 

Preliminary assembly Final assembly 

Welds Nos l.and 2 Welds Nos 3, and 4 

10 ' mm # 8 mm n 

12 mm ♦ 8 mm. o 
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Appendix E 



COST STUDIES 

THROUGHOUT the fabrication operation s, ( areful cost accounting was 
made. The items of acetylene, oxygen, rod and labor consumed were 
recorded for each detail operation for c.uh wdded truss, from which data, 
the cost summar\ ^iven in Table I was obtained. 

These cost figures, ol course, represent that unit construction 

conducted under rather inefficient shop methods, unassisted In the devices 
usuall} developed under what would he termed regular shop practice for 
welding. The gradual reduction of fabricating ionk with exception ol 
the tubular truss (Case 5) is due to the gradual development of b< 
methods a- the work progressed, and to modifications in design warranted 
In experience gained in the testing oi Case 1 I he higher cost oi the 
tubular truss is largel) reflected in the cost oi th< pipe, which is approxi 
match twice that oi standard structural shapes I til cases, the cost 
of truss material- was figured at mill base pin- carload freight rati 
Buffalo, where the -hop work was conducted. Labor was figured iu the 
following hourl) rates: layout men, $1.00 per hour; weld< per hour. 

M\i\ helper-, 50c per hour. Oxygen was entered at $0.0125 per cu 
acetylene .it $0,013 per cu. ft, ami rod at 20( per lb.' 

To those familiar with the- -hop costs for this type oi truss, the 
figures will provide some basis for comparison with more conventional 
method- We must wait for an oppprtunit) to fabricate a group oi welded 
trusses, where the economies of multiple operation will be felt, to obtain 
good average costs. 

I aboi r unil i •: »hop 

.ii tin- present time. I <>r this work th< arbitrarily determined in order i 

i osl anah sis. 
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TABLE I 



Item 



1. Shop Layout , 

2. Shop Cutting 

3. Preliminary Assembly 

4. Final Assembly 

5. Shop Handling 

6. Painting, $1.40 per ton 

7. Steel (delivered to Welding Dept) 

Total Direct 



Case 1 



Case 3 



Case 4 



Case 6 



2.85 
5.11 

48.76 

.90 

.84 

J0.44 



88.90 



2.00 
4.54 
15.00 

15.68 
.81 

.75 
25.97 






2.50 

6.28 

14.-1 

16.14 

.81 

.75 

26.47 



67.66 



1.50 
2.86 
9.87 
16.64 
.69 

.64 

23.04 



Tubular 
Truss 
Case 5 



5.38 

4.73 

12.99 

21.33 

.69 

.63 

39.20 



55.24 



84.95 



EXPLANATION OF COST SUMMARY ITEMS 

Item 1 — Shop Layout: 

Layout of gusset plates and members preparatory to shop cutting is further explained under 
"Fabrication of Welded Trusses." 

Item 2 — Shop Cutting: 

Shop o\\ -acetylene cutting of gusset plates and members to conform to the template profiles. 

; — Prt lim inary Asst m bly : 

This item exists for Cases and is explained in detail under the heading of 

"Fabrication of Welded Trusses" for these cases. In general it consists of assembling the gusset 
plates with their respective principal members and making the welds at the contacting joints. 

Item 4 — Final Assembly: 

Thi- •• of the assembly of all truss members into a single truss or hah truss section 

and making the remaining welds Involved in this operation is the clamping or tacking of 
the members at the joints prior to making the final welds and correcting anj discrepancies in 
alignment as a result of the final wel 
Item 5 — Shop Handling: 

Represents the cost of handling th- S during the process of fabrication in the 

shop. 
Item 6 — Paint . 

This item is included for the purp pleting the cost analysis and is based on an 

arbitrary value of >1.4<> per ton. which max or maj not he correct tor lightweight trusses. 
The results show compara* I bas s Hie proportional values should not be 

much in error. The I olved in this test were not painted. 
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